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The rare, fully mycoheterotrophic Ghost Orchid, Epipogium aphyllum is only visible dur-
ing its short flowering and fruiting season, which lasts for a few weeks between May and
October. Due to the apparent unpredictability of its flowering, decades may pass between
subsequent observations at the same locality. The factors affecting timing of flowering
in this enigmatic species remain largely unexplored. In Hungary, it is an extremely rare
species: between 1924 and 2014 only 25 dated observations from 15 locations are known.
Hungary is located on the edge of the species’ distribution area where higher precipitation
may occur only in higher regions of mountains. Hence, the spatial and temporal pattern of
precipitation might limit the emergence of generative shoots. In this paper we compared
rainfall patterns in relation with the Ghost Orchids” observations to multiannual precipita-
tion averages. The year of flowering and the month preceding flowering (but not the year
before flowering and the month of flowering) were characterised by significantly more
rainfall than the multi-annual average precipitation. These results suggest that the appear-
ance of the species in Hungary is precipitation-dependent.
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INTRODUCTION

Epipogium aphyllum Sw. is a rare Eurasian achlorophyllous, mycohetero-
trophic forest orchid (Hultén and Fries 1986; Roy et al. 2009). The species is
native to the temperate deciduous and evergreen forests of Eurasia, with a
distribution area spreading from Great Britain through Scandinavia to the
Kamchatka Peninsula (Taylor and Roberts 2011). The occurrence of the spe-
cies is considered rare (Delforge 2005), despite covering a wide area and de-
spite the fact that it has been described in 56 countries to date (Govaerts et al.
2017). Due to its rarity, its biology is poorly known (Roy et al. 2009). The spe-
cies is often protected, in many countries it is on the red list. According to the
IUCN Red List’s criteria it is categorised as near threathened (“NT”) in Slova-
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kia (Turis et al. 2014), vulnerable (“VU”) in Bulgaria (Petrova and Vladimirov
2009), endangered (“EN”) in Murmansk Region of Russia (Blinova and Uotila
2011) or critically endangered (“CR”) in Austria (Tasenkevich 2003), the Czech
Republic (Grulich 2012), Ukraine (Tasenkevich 2003), Serbia (Tomovic et al.
2007), England (Stroh et al. 2014) and Hungary (Kiraly 2007).

Epipogium aphyllum is named Ghost Orchid because of its irregular, un-
predictable flowering (Taylor and Roberts 2011). The temporal and spatial
emergence of the species is largely unpredictable, and can happen any time
from late May until early October. On the British Isles it was usually record-
ed from late July until the end of August (Taylor and Roberts 2011). Often,
decades pass between successive observations on the same locality. Soyrinki
(1987) encountered the species only after 36 years on the same site. In Finland
and Sweden there are floristically well-described areas where it turned up
unexpectedly. As some of these occurrences were later not confirmed, these
populations are considered temporary (Soyrinki 1987). Meanwhile, in Swe-
den there are habitats, where it has been flowering for 30 consecutive years.
Its emergence in Hungary is also a rarity, counting only 25 observations dur-
ing the last hundred years. Until 1998 it has never been observed twice at the
same site in the country.

The reason for its fitful emergence might be that environmental condi-
tions are not ideal every year for flowering. According to some authors, Epipo-
gium aphyllum is more often observed during summers with more precipita-
tion (Dahlskog 1980, Summerhayes 1951). On the other hand, according to
Soyrinki’s (1987) study in Finland, there is no significant relationship between
flowering and precipitation. Differences in environmental variables, for ex-
ample in the topography of habitats, temperature, etc. could have led to the
above results.

Our goal in this study was to evaluate whether observations of this species
are associated with different rainfall patterns. Our hypotheses were tested on
Hungarian populations found on the margin of the species’ distribution area.

We tested whether emergence of Epipogium aphyllum is influenced by the
amount of precipitation in the following four periods:

1. in the year preceding flowering;

2. in the year of flowering;

3. in the month preceding flowering;

4. in the month of flowering.

MATERIALS AND METHODS

Occurrence data in Hungary are based on literature (11), herbaria (BP:
3, Zirc: 1) and personal communications (10) (Table 1). Three out of the 4 her-
barium data were published before. Some of the observations are dated to
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Table 1

Observations of Epipogium aphyllum in Hungary between 1924 and 2014, related meteorologi-
cal stations and precipitation data used in this study. Personal communications are marked

with asterisks

Date Locality Collector or informant Source Met. station

06.07.1924  Csesznek S. Polgar Polgar (1935), Herb. BP  Bakonybél

12.07.1953  Bakonysziics L. Band Kovacs (1957), Herb. BP Bakonybél

07.07.1954 DOmos E. Kovécs Kovacs (1957), Herb. BP  Dobogokd

15.07.1955  Feny6fd P. Tallés Tallés (1959) Ugod

15.09.1975 Vékény P. Millner Horvat (1976) Kaérasz

25.06.1975 Ajka I. Galambos Herb. Zirc Urkat

18.07.1992  Pécsvarad S. Farkas Molnar and Farkas Pécsvarad

(1996)
01.10.1994 Bozsok K. Robatsch Robatsch (1995) Készeg
14.07.1996  Bakonybél G. Kiraly and A. Rigé6  Boloni and Kiraly Bakonybél
(1997)

17.07.1996  Bakonybél N. Antal, N. Povics, Boloni and Kiraly Bakonybél
and D. Nagy (1997)

25.07.1998  Bozsok H. Presser H. Presser* Készeg

01.07.2001  Hetvehely- L. Hé6dor Hédor (2011) Bakonya

Kén

20.06.2008  Biikkzsérc M. Sulyok and J. Sulyok and Sulyok Biikkzsérc
Sulyok (2010)

05.07.2009  Pécs D. Kovacs and T. Kovacs and Wirth Pécs
Wirth (2009)

30.06.2009  Biikkzsérc M. Sulyok and J. Sulyok and Sulyok Biikkzsérc
Sulyok (2010)

10.08.2010  Pécsvarad A. Molnar V. A. Molnar V.* Pécsvarad

13.07.2010  Pécsvarad I. Zs. T6th Téth (2011) Pécsvarad

20.08.2010  Ajka A.Molnar V., A. Mé- A. Molnar V., A. Mé- Urkut
szaros and P. Simon szaros and P. Simon*

17.06.2011 Pétervasara  J. Sulyok and A. B. J. Sulyok and A. B. Pétervasara
Lukacs Lukécs*

30.06.2011  Biikkzsérc J. Sulyok J. Sulyok* Biikkzsérc

05.07.2013  Bozsok S. Makadi and M. S. Makadi, M. Csabi* Készeg
Csabi

06.07.2013  Biikkzsérc J. Sulyok and M. Csébi ]. Sulyok, M. Cséabi* Biikkzsérc

14.06.2014 Bozsok S. Makadi and M. S. Makadi, M. Csabi* Készeg
Csabi

23.09.2014  Biikkosd A. Kiticsics A. Kiticsics* Bakonya

01.08.2014 Kemence B. Vida B. Vida* Kemence
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the day, while in some cases flowering time was given as a period of time. In
these cases we used the first day of the period during data analysis. Precipita-
tion data used in our study were provided by the Hungarian Meteorological
Service (Budapest). We obtained precipitation data from periods potentially
influencing flowering from the nearest weather stations to each observation
site between 1923 and 2014. Also, we acquired average annual precipitation
data based on a recent 30 years long period (1981-2010).

To find out whether periods preceding observations of E. aphyllum are
unusual in terms of precipitation, we first calculated the difference between
rainfall in the four periods related to flowering and the long-term average of
these periods at the same sites. We then tested whether these precipitation dif-
ferences follow a normal distribution, using Shapiro-Wilk’s test of normality.
Since none of these variables showed a significant deviation from a normal
distribution (year preceding flowering: p = 0.487; year of flowering: p = 0.391;
month preceding flowering: p = 0.399; month of flowering: p = 0.541) (Fig.
1), we employed one-sample t-tests on the statistical null hypothesis that the
mean of the temperature differences is 0 (1 = 0; i.e. precipitation in or preced-
ing the year/month of flowering does not differ significantly from the long-
term average).
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Fig. 1. Distribution of difference between precipitation in the four periods before flowering
and the multiannual average of these periods at the same sites. The dotted line marks the
mean, the thick continuous line marks zero
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RESULTS AND DISCUSSION

The species was observed in Hungary 25 times at 15 locations (Fig. 2).
Dated occurrences of the species are known from 16 years over a 90-year pe-
riod (1924-2014). Mean+SD number of observations on a given locality was
1.56+1.09. In the majority (75%) of the localities it was observed only once.

According to our data, flowering happens between June and October
(Fig. 3). The earliest observation was on the 14th of June, while the latest was
on the 10th October. In more than half of all cases, flowering (56%) was ob-
served in July (Fig. 3). Average annual precipitation in Hungary is between
500 and 750 mm (Justyak 2002), but this value was 708+80 mm at meteorologi-
cal stations adjacent to observation sites of E. aphyllum and 808+212 mm in the
years of observations. Occurrences of the species in Hungary are limited to
the regions of Hungary characterised mostly by over 650 mm annual precipi-
tation (Fig. 2).

The amount of precipitation was significantly higher in the year of flow-
ering and the month before flowering than the multiannual average (Table 2).
There was no significant difference between precipitation in the year prior to
flowering, the month of flowering and the average annual precipitation (Table 2).

Based on these findings the precipitation during the year of flowering
and the month preceding flowering has a key role in the induction of emer-
gence and flowering of Epipogium aphyllum. Precipitation-dependence of this
species may be related to its achlorophyllous mycoheterotrophic nature, be-
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Epipogium aphyllum
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Fig. 2. Occurrences of Epipogium aphyllum in Hungary (marked by red dots and year of de-
tection) with the map of average annual precipitation based on data between 1971 and 2000
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Table 2
Comparison of amount of precipitation of different periods of preceding flowering with
multiannual average of same periods. P-values are from one-sample t-tests on the null
hypothesis that deviation of rainfall amount preceding E. aphyllum observations from the
multiannual average is 0

Mean+SD of cumulative precipita- Multi-annual

Periods tion related to observation periods average (mm) p-value
of E. aphyllum (mm) &

Year preceding 735.0:211.3 707.9+81.5 0.574
flowering

Year of flowering 808.1+212.1 707.9+81.5 0.013
Month preceding 105.7450.9 80.8+12.5 0.023
flowering

Month of flowering 81.1+42.7 75.4+13.2 0.527

cause nutritionally it is entirely dependent on its endomycorrhizal fungal
symbionts (Inocybe spp.) (Liebel and Gebauer 2011, Roy et al. 2009).

Observation of the species is difficult, as its inconspicuous shoots are
observable for only a short period (approx. 2 weeks), and flowering can take
place during a 4-month period. Monitoring populations is only possible with
regular and frequent surveys. Research of the past years suggests that popula-
tions with low number of specimens and with such unpredictable flowering
are observable in consecutive years.

According to our findings, years with higher than average precipitation
are the most suitable for surveying known populations or finding new ones,
especially during a period following summer months with higher than aver-
age precipitation.
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Fig. 3. Phenology of Epipogium aphyllum in Hungary, based on 25 observations
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